We report the first evidence of molecular gas in two atomic hydrogen (Hi) clouds associated with gas outflowing from the Small Magellanic Cloud (SMC). We used the Atacama Pathfinder Experiment (APEX) to detect and spatially resolve individual clumps of 12 CO(2→1) emission in both clouds. CO clumps are compact (∼ 10 pc) and dynamically cold (linewidths 1 km s −1 ). Most CO emission appears to be offset from the peaks of the Hi emission, some molecular gas lies in regions without a clear Hi counterpart. We estimate a total molecular gas mass of M mol 10 3 − 10 4 M in each cloud and molecular gas fractions up to 30% of the total cold gas mass (molecular + neutral). Under the assumption that this gas is escaping the galaxy, we calculated a cold gas outflow rate ofṀ gas 0.3 − 1.8 M yr −1 and mass loading factors of β 3 − 12 at a distance larger than 1 kpc. These results show that relatively weak starburst-driven winds in dwarf galaxies like the SMC are able to accelerate significant amounts of cold and dense matter and inject it into the surrounding environment.
INTRODUCTION
Galactic outflows powered by either active galactic nuclei (AGN) or star formation feedback have been observed in many galaxies (e.g. Veilleux et al. 2005) .
Winds have a primary impact in many aspects of galaxy evolution, for example in regulating the efficiency of star formation and in enriching the circum-galactic medium with metals (Zhang 2018 , for a review). The multiphase nature of gas in outflows, from the hot highlyionized phase (10 6−7 K) down to the cold molecular phase (< 100 K), has been confirmed both by observations (e.g., Arribas et al. 2014; Leroy et al. 2015; Martín-Fernández et al. 2016 ) and by numerical sim-Corresponding author: E. M. Di Teodoro enrico.diteodoro@anu.edu.au ulations (e.g., Tanner et al. 2016; Kim & Ostriker 2018; Armillotta et al. 2019 ).
Because of their shallow gravitational potential, dwarf galaxies are particularly sensitive to supernovae (SNe) explosions and stellar winds and can easily generate galactic winds. Simulations of galaxy evolution with stellar feedback predict that dwarf galaxies can expel large amounts of gas on kiloparsec scales and that cool gas (T < 10 4 K) contains most to half of the mass of the outflow (e.g. Hopkins et al. 2012; Muratov et al. 2015) . Tidal interactions and mergers can cause bursts of star formation that furthermore power the outflow (Hopkins et al. 2013) . Being the closest pair of interacting dwarf galaxies, the Magellanic Clouds constitute unique laboratories to study on parsec scales stellar feedback in action in non-isolated gas-rich dwarf galaxies.
Recently Winkler et al. 2015) in red color scale. The two clouds (SMC-C1 and SMC-C2) detected in Hi emission (ASKAP, McClure-Griffiths et al. 2018 ) and targeted in this work are shown in blue color scale. Hi contours (blue) are at (1.0, 2.0) × 10 19 cm −2 (SMC-C1) and (1.5, 2.5) × 10 19 cm −2 (SMC-C2). The red box denote the star-formation regions (NGC 371/395) from where the clouds could have been launched.
main body of the Small Magellanic Cloud (SMC). Using high-resolution atomic hydrogen (Hi) emission-line data with the Australian Square Kilometre Array Pathfinder (ASKAP), they detected a population of clouds and filaments consistent with being gas driven out by the intense star-formation regions in the SMC. They estimated a Hi mass in the outflow of ∼ 10 7 M , about 3% of the total atomic gas mass of the galaxy, with an Hi outflow rate of 0.2 − 1 M yr −1 , i.e. 2 − 10 times larger than the galaxy star formation rate (SFR). However, the amount of molecular gas entrained in the outflow, which is expected to be significant, is still unconstrained.
In this work, we quantify the contribution of molecular gas to the mass loss budget in the SMC outflow. We use the Atacama Pathfinder Experiment (APEX, Güsten et al. 2006 ) telescope to detect and study 12 CO(2→1) emission in two outflowing Hi clouds. In the remainder of this Letter, we introduce our new APEX observations in Section 2, we describe our main findings in Section 3 and discuss them in Section 4, summarizing in Section 5. Throughout this Letter, we assume a distance for the SMC of D = 63 ± 3 kpc, for which 10 arcsec correspond to about 3 pc.
OBSERVATIONS
We targeted two Hi clouds (SMC-C1 and SMC-C2 thereafter) identified by MCG18 and believed to be material expelled because of star formation feedback. These clouds are amongst the most prominent and highest-density features with anomalous kinematics in the SMC and they show some intriguing velocity gradients across their structures, suggestive of acceleration. Figure 1 displays a large-scale Hα map of the SMC (red color scale) from the Magellanic Cloud Emission-line Survey (MCELS, Winkler et al. 2015) , showing several regions of intense star formation. Hi column-density maps of our targets are overplotted in Figure 1 and shown in detail in Figure 2 (blue color scale). For this work, we mapped the 12 CO(2→1) line with APEX in the regions outlined by the red boxes in Figure 2 . Details on the observations and data reduction are given in Appendix A.
RESULTS

Morpho-kinematics of the CO emission
Our APEX data show some weak but unequivocal 12 CO(2→1) emission throughout the two fields in correspondence of the velocity range of the Hi emission, i.e. local standard of rest (LSR) velocity V LSR = 90 − 115 km s −1 for SMC-C1 and V LSR = 120 − 140 km s −1 for SMC-C2. To identify regions of genuine emission, we used the 3D source finder implemented in the 3D Barolo code (Di Teodoro & Fraternali 2015) . In short, the source finder smooths the data to a lower spatial resolution (50 in our case) to improve the signal-to-noise ratio, and reconstructs the sources by merging regions with flux higher than a given threshold (3×rms) that are close in both the spatial and the spectral domains. We detected eight main knots or clumps of CO emission in the SMC-C1 field and nine main knots in the SMC-C2 field. A few other regions of low-significance emission were not included in our further analysis. Figure 2 shows 12 CO(2→1) maps (grey color scale) integrated over the velocity channels showing emission. The detected CO clumps are labelled in red. We overlay the contours of the CO emission on the Hi map of Figure 2 . In general, in both fields, the peaks of the CO emission are offset from the regions with the highest Hi column densities. In SMC-C2, most of the molecular gas is well aligned and shares the kinematics with the neutral gas filament visible in Hi. The CO emission in SMC-C1 has lower signal-to-noise and the association with the Hi emission is not as striking as in SMC-C2: for example, clumps 1, 2 and 7 are located in regions with no or very low column-density neutral gas; clump 4 does not match the kinematics of the adjacent Hi gas The fields mapped in the 12 CO(2→1) emission line with APEX are delimited with red boxes. Greyscale maps represent the integrated intensity of the 12 CO(2→1) emission line. We identify eight clumps of molecular gas in SMC-C1 field and nine in SMC-C2, labelled in red in the CO maps. On the Hi maps, we overlay the CO contours at levels [0.02, 0.04] K km/s. and has a velocity about 10 km s −1 lower than the Hi emission. Typical sizes of the CO clumps are of the order of 10 pc.
In Figure 3 , we plot spectra for some representative CO knots in SMC-C1 (left panels, clumps 3, 5, 7 and 8) and in SMC-C2 (right panels, clumps 2, 3, 6 and 9). Spectra are integrated over circular regions with radius of 0.7 centered on the emission peak. CO emission lines are clearly detected. The spectral range corresponding to each detection reconstructed by the source finder is highlighted in grey. We also plot Hi spectra (blue histograms) in the same regions extracted from new, high spectral resolution (0.5 km s −1 ), ASKAP Hi data (Pingel et al., in prep) . Some of the stronger and more extended knots, like clump 5 in SMC-C1 and clump 2 in SMC-C2, show some velocity gradient across their structure, which results in a relatively broad emission over 1-2 km s −1 having multiple kinematical components. These knots have velocities in agreement with the broader Hi emission. Fainter knots (e.g., clump 8 in SMC-C1 or 9 in SMC-C2) have very narrow, single-component emission, with FWHM line-broadening lower than 0.5 km s −1 and can be offset in velocity from the Hi emission. In general, all CO clumps have modest line-widths, suggesting that turbulence does not play an important role in shaping the molecular gas in the wind.
The main properties of the CO knots are listed in Table 1. Central velocities (column 2), line-widths (column 3) and integrated flux densities (column 4) are measured through a Gaussian fit of the spectrum integrated over the entire 3D detection. The radius (column 6) of a clump is calculated as
where Ω s is the area covered by all detected pixels in the integrated intensity map.
Molecular gas mass
We used CO-line luminosities and a CO-to-H 2 conversion factor α CO to calculate the molecular gas mass M mol of detected clumps, i.e. M mol = α CO L CO (see Bolatto et al. 2013a , for a comprehensive review). We converted from the integrated intensity F CO to CO luminosity L CO as (e.g., Solomon et al. 1997 ):
where Ω s is the area covered by a clump on the sky and we use a distance D = 0.063 Mpc. CO luminosity are listed in column 5 of Table 1 . The values of the CO-to-H 2 conversion factors have been extensively studied in self-gravitating molecular clouds in the Milky Way (α CO 4 − 5 M (K km s −1 pc 2 ) −1 , e.g., Heyer et al. 2009 ) and in low-metallicity environments like the SMC (α CO 15 − 17 M (K km s −1 pc 2 ) −1 , e.g., Jameson et al. 2018 ). However, molecular gas in outflows is expected to have very different physical conditions, in terms of density, temperature and pressure, and robust conversion factors have not been established yet. Some clues that molecular gas in starburst-driven outflows may be in a lower density and optical-depth state than regular molecular clouds come from CO observations of nearby galaxies M82 (e.g., Weiß et al. Velocity LSR (km/s) 0 1 c9 Figure 3 . Spectra of the main clumps of 12 CO(2→1) emission (black line) detected with APEX for SMC-C1 (left panels) and SMC-C2 (right panels). Spectra are integrated over a 0.7 circular aperture. The velocity range of each detection is highlighted in grey. The narrow emission line at VLSR 91 km s −1 visible in the SMC-C1's clump 5 spectrum is contamination from the nearby, spectrally decoupled, clump 4. Light-blue histograms denote Hi spectra integrated on the same aperture and normalized to the CO peak for a easier visualization.
2005) and NGC253 (e.g., Walter et al. 2017) . A few studies on starburst-driven (e.g. Leroy et al. 2015) and AGN-driven outflows (e.g., Cicone et al. 2018 ) suggest α CO ∼ 1−2 M (K km s −1 pc 2 ) −1 , lower than the typical values in the Milky Way.
To partially overcome the uncertainties on the CO-to-H 2 conversion, we adopt two representative conversion factors. Firstly, we calculate lower limits to the molecular gas mass assuming that CO gas is optically thin (see e.g., Bolatto et al. 2013b) . In this case, we calculated conversion factors for the CO J=2→1 transition through eq. (18) from Bolatto et al. (2013a) , setting an energy of the J = 2 level of E 2 /k = 16.6 K and assuming an excitation temperature of T ex = 30 K (e.g., Goldsmith 2013). We obtained a α thin 0.12 M (K km s −1 pc 2 ) −1 , about two orders of magnitude lower than typical conversion factors in the SMC. Secondly, we applied the conversion factor α thick 2 M (K km s −1 pc 2 ) −1 estimated in local outflows (e.g., Leroy et al. 2015; Cicone et al. 2018) , under the assumption that 12 CO(2→1) is optically thick and thermalized with 12 CO(1→0) (e.g., Rubio et al. 1993) . These two conversion factors should give us a plausible range of mass for the molecular gas entrained in the SMC outflow.
The last two columns of Table 1 list the molecular gas masses calculated through α thin and α thick . Typical masses in the optically-thin case are of some tens of M , while they span between hundreds and a few thousands of M in the optically-thick regime. The total molecular gas mass in the SMC-C1 field is ∼ 500 M and ∼ 8 × 10 3 M in the optically-thin and -thick cases, ∼ 420 M and ∼ 7 × 10 3 M for the SMC-C2 field. We stress again that masses calculated through α thin represent lower limits. Considering that it is unlikely that the CO line is completely optically-thin, we can conclude that the mass of molecular gas in both fields is sensibly in the range 10 3 − 10 4 M .
The low metallicity of the SMC could imply larger α CO (thus larger molecular gas masses) than the α thick estimated in local outflows and assumed so far. As a sanity check, we calculated the masses that our CO clouds would have in case of virial equilibrium (see Bolatto et al. 2013a ), which therefore may represent upper limits to the molecular gas mass for non self-gravitating clouds entrained in an outflow. The optically-thick masses calculated with α thick are consistent with the virial masses for spherical clouds with density ρ(r) ∝ r −2 and about ∼ 30% lower than virial masses for clouds with ρ(r) ∝ r −1 . This suggests that our molecular Table 1 . Properties of the CO clumps in SMC-C1 (a) and SMC-C2 (b). Columns: (1) clump number; (2)-(3) central velocity (LSR) and FWHM linewidth of the integrated CO line; (4) Integrated flux density; (5) CO luminosity; (6) Clump size in radius Rc = D tan( Ωs/π) (see text); (7) Molecular mass using a αCO = 0.12 M (K km s −1 pc 2 ) −1 , i.e. optically-thin regime for the 12 CO(2→1) transition; (8) Molecular mass using a αCO = 2 M (K km s −1 pc 2 ) −1 . Errors are propagated from the uncertainties of the Gaussian fit to the integrated spectrum of each knot. masses are not significantly underestimated and that the α CO for these CO clumps is likely closer to the 2 M (K km s −1 pc 2 ) −1 estimated in local outflows rather than to the ∼ 16 M (K km s −1 pc 2 ) −1 found in the main body of the SMC.
DISCUSSION
MCG18 discusses that the most likely interpretation for these Hi clouds is a star-formation-driven outflow. The anomalous kinematics alone would not provide a conclusive argument on the origin of this gas. For example, gas accreting onto the galaxy from the surrounding environment (Sancisi et al. 2008 ) and gas stripped because of tidal interactions or because of ram-pressure due to the motion of the SMC through the Milky Way halo (Gunn & Gott 1972) could easily present peculiar kinematics. However, a quite compelling evidence in support of the outflow interpretation is the association of these Hi features with Hα shells arising from the star-forming regions in the SMC (see MCG18, for details). The detection of CO in both fields studied in this work provides a further support to the outflow scenario: molecular gas is not observed in Hi clouds associated with extra-galactic accreting gas (like High-Velocity Clouds, e.g., Dessauges-Zavadsky et al. 2007 ) and the thermal pressure in a Milky-Way-like halo does not seem high enough to confine stripped gas to the high densities typical of molecular material (e.g., see discus-sion in Tonnesen & Bryan 2012) . However, because we can not constrain the real geometry of the system, we do not know whether the gas is escaping the galaxy or if it is falling back through a galactic fountain mechanism (Fraternali 2017) . MCG18 pointed out that the observed velocity in these clouds is likely large enough to escape the shallow gravitational potential of the SMC.
How hot winds can accelerate cold gas to the observed velocities is still a debated question. Several recent simulations of individual cold clouds entrained in a hot, supersonic flow showed that a cloud is easily shredded during the acceleration process on short timescales (e.g., Scannapieco & Brüggen 2015; Gronke & Oh 2018; Sparre et al. 2019) . Although these simulations do not trace the cold molecular phase, the general expectation is of a head-tail cloud morphology, with the densest and coldest core in the trailing head of the cloud and the shredded warmer envelope in the leading tail. Our CO and Hi observations are qualitatively in agreement with this scenario: if our clouds were launched from the closest prominent star-formation region in the SMC, i.e. NGC 371/395, located south-west of SMC-C1 and south-south-west of SMC-C2 (see red box in Figure 1) , the densest CO clumps in our data (4, 5 and 6 in SMC-C1, 1 and 2 in SMC-C2) would represent the compact core of the initial cloud following the fragmented mixture of molecular and neutral gas. In this scenario, the spatial distributions of neutral and molecular gas and the observed offsets are signatures of the cloud disruption and of the interaction between cold gas and the hot flow. A puzzling aspect that emerges from our observations and seems to hinder the entrainment interpretation is the very narrow linewidths observed in the molecular gas (∼ 1 km s −1 ): velocity dispersions are expected to increase while cold gas is shocked and shredded by the hot flow (Banda-Barragán et al. 2019) . New simulations aimed to trace properly the molecular phase of the outflow are needed to address this observational evidence. The small linewidths may imply that we are only observing the innermost region of a molecular cloud which is not (yet) directly interacting with the wind.
The total mass of molecular gas in both our targets is 10 3 − 10 4 M . The amount of neutral gas (H+He) estimated from the Hi ASKAP observations in the same regions of our APEX fields is 4.0 × 10 4 M for SMC-C1 and 3.3 × 10 4 M for SMC-C2. This leads to molecular gas fractions f mol = M mol /(M HI + M mol ) 0.03 − 0.30, i.e. the contribution in mass of molecular gas to the total outflowing material ranges from a few percent up to ∼ 30%. MCG18 estimated an outflow rate in Hi ofṀ HI 0.2 − 1 M yr −1 (∼ 0.3 − 1.4 M yr −1 including Helium), assuming that the outflowing gas orig-inated from the most recent burst of star formation in the SMC, between 25 and 60 Myr ago (e.g., Rubele et al. 2015) . If the molecular gas fractions derived in this work hold for all the anomalous Hi features found by MCG18, the cold gas (neutral + molecular) outflow rate adds up to a valueṀ gas ∼ 0.3 − 1.8 M yr −1 . If only 40% of the ejecta have velocities exceeding the escape velocity from the galaxy (see MCG18), the SMC may lose its entire cold gas reservoir, i.e. ∼ 6 × 10 8 M of neutral gas (e.g., Stanimirovic et al. 1999) and ∼ 3 × 10 7 M of molecular gas (e.g., Rubio et al. 1993 ), on timescales of t dep = 0.9 − 3 Gyr. We speculate that this large amount of cold gas expelled from the SMC may feed and enrich the Magellanic Stream and the circum-galactic medium of the Milky Way.
Finally, we can estimate a cold mass loading factor of β ≡Ṁ gas /SFR 3 − 12, where SFR 0.15 M yr −1 is the average star-formation rate during the period 25 − 60 Myr ago (e.g., Rubele et al. 2015) . Comparing these numbers to simulations of SN-driven winds in dwarf galaxies is not straightforward because mass loading factors are a function of the distance from the wind launching region. In addition, most simulations do not appropriately trace neutral and molecular gas phases and quoted loading factors often include the hot ionized phase. If we assume that our clouds started their journey from the NGC371 region, we have angular separations of ∼ 0.8 • and ∼ 1 • for SMC-C1 and SMC-C2, respectively, corresponding to projected distances of ∼ 0.9 kpc and ∼ 1.1 kpc. These are lower limits to the actual distances, which are unconstrainable due to the unknown geometry of the ejected gas. Since most of the Hi outflowing clouds in MCG18 lie at projected distances 1 kpc from the closest star formation regions, our estimated loading factor is measured at R > 1 kpc. The general theoretical expectation is that dwarf galaxies drive out gas at a rate much higher than their SFR, i.e. β 1. For examples, cosmological simulations by Hopkins et al. (2012) and Muratov et al. (2015) returned loading factors (including the hot phase) at R > 500 pc of β ∼ 8 − 20 for SMC-like dwarf galaxies. Recent high-resolution simulations of SN-driven winds in isolated dwarf galaxies by Hu (2019) found β ∼ 1 − 10 for the warm gas component (T < 3 × 10 4 K) at R > 1 kpc. Although the exact values of loading factors depend also on the initial conditions for the gas (e.g. density, metallicity, thickness of the disk) and on the prescriptions adopted for star formation and SN feedback, we can conclude that the cold mass loading factor β = 3 − 12 estimated in this work is broadly consistent with those found in simulations.
CONCLUSIONS
This Letter presented the first study of molecular gas associated with the outflow of the Small Magellanic Cloud through the detection of the 12 CO(2→1) emission line with the APEX telescope. Thanks to the relatively small distance of the SMC, we spatially resolved individual knots of CO emission in two outflowing Hi clouds. CO clumps are compact (∼ 10 pc), cold and non-turbulent, with typical integrated line broadening of less than 1 km s −1 . Most CO clumps do not overlap but they are slightly offset from the densest Hi regions, in qualitative agreement with expectations from simulations of cold clouds entrained in a hot wind. We estimated molecular gas masses in optically thin (α CO = 0.12 M (K km s −1 pc 2 ) −1 ) and optically thick outflow (α CO = 2 M (K km s −1 pc 2 ) −1 ) regimes and we ended up with a range of masses M mol = 10 3 − 10 4 M for both the observed fields, with molecular to total cold gas fractions between 0.03 and 0.30. Assuming an outflow interpretation, we estimated a total outflow rate of 0.3 − 1.8 M for the cold gas component, implying that the SMC may expel the majority of its present-day cold gas reservoir in a few Gyr. The estimated cold-mass loading-factor β 3 − 12 at R > 1 kpc is overall consistent with simulations of SN-driven winds in dwarf galaxies. ACKNOWLEDGMENTS E.D.T. thanks Alberto Bolatto for his useful comments and P. F. Winkler for providing MCELS data.
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